Compression injury of mammalian spinal cord in vitro and the dynamics of action potential conduction failure.
1. White matter strips from the ventral spinal cord of adult guinea pigs were isolated in vitro, and their electrophysiological characteristics and response to controlled focal compression injury were examined. A double sucrose gap technique was used for stimulation and recording at opposite ends of a 12.5 mm-diam central well superfused with oxygenated Krebs solution. 2. The compound action potential recorded with the sucrose gap was similar in form to single fiber potentials recorded with intra-axonal electrodes, including the presence of a prolonged depolarizing afterpotential. 3. Three types of conduction block resulting from compression were identified: an immediate, spontaneously reversible component, which may result from a transient increase in membrane permeability and consequent disturbance of ionic distribution; a second component that was irreversible within 1-2 h of recording, perhaps resulting from complete axolemmal disruption; and a third component, which may have been due to disruption of the myelin sheath, that appeared to be reversible with application of 10-100 microM of the potassium channel blocker 4-aminopyridine. 4. Conduction deficits--decreased amplitude and increased latency of the compound potential--were stable between 5 and 60 min postinjury, and their intensity corellated with the extent of initial compression over a full range of severity. 5. Stimulus-response data indicate that mechanical damage to axons in compression was evenly distributed across the caliber spectrum, suggesting that the susceptibility of large caliber axons seen histopathologically after injury in vivo may be based on delayed, secondary processes. 6. The model provides the ability to monitor changes in the properties of central myelinated axons after compression injury in the absence of pathological variables related to vascular damage. This initial investigation found no evidence of secondary deterioration of axons in the 1st h after injury, although there was evidence of both transient and lasting mechanical damage to axons and their myelin sheaths.